Objectives: The goal of this research was to investigate how individual differences in essentialist beliefs about aging affect how older adults' respond to negative age stereotypes. Essentialist beliefs about aging (EBA) define the process of aging as fixed and inevitable rather than malleable and modifiable.
impair cognitive functioning (e.g., Hess, 2006) . Specifically, there is ample evidence that the activation of negative age stereotypes can lead to poor memory performance in older adults (Chasteen, Bhattacharyya, Horhota, Tam, & Hasher, 2005; Hess, Auman, Colcombe, & Rahhal, 2003; Hess et al., 2004; Robertson, King-Kallimanis, & Kenny, 2015; see Chasteen, Kang, & Remedios, 2012 for a review). There is also considerable evidence showing that the activation of negative stereotypes can lead to physiological threat responses such as increased cardiovascular reactivity (Auman, Bosworth, & Hess, 2005; Blascovich, Spencer, Quinn, & Steele, 2001; Derks, Scheepers, Van Laar, & Ellemers, 2011; Hess, Hinson, & Hodges, 2009; Schmader, 2010) . In addition, the activation of negative age stereotypes increases older adults' cardiovascular reactivity under cognitive challenge (Levy, Hausdorff, Hencke, & Wei, 2000) and holding negative age stereotypes has been associated with cardiovascular events in the following 38 years (Levy, Zonderman, Slade, & Ferrucci, 2009 ).
However, previous research suggests that people can mitigate and counteract the detrimental effects of negative stereotypes. Specifically, people do not always assimilate to the self-fulfilling nature of stereotypes. To the contrary, people may show reactance when confronted with stereotypes about their group. For example, Kray and colleagues (Kray, Thompson, & Galinsky, 2001) found that when gender stereotypes were explicitly activated, women were able to counteract their consequences. Specifically, when confronted with gender stereotypes in a negotiation context, women showed a reactance effect and negotiated more aggressively and successfully than men. In a similar vein, studies demonstrate that older adults who were confronted with negative age stereotypes tended to distance and dissociate themselves from their age group and reported a younger subjective age (Weiss & Lang, 2012) . Moreover, when confronted with negative age stereotypes, older adults subsequently directed their gaze away from photographs of older adults toward photographs of middle-aged adults and also indicated to feel more similar to middle-aged adults (Weiss & Freund, 2012) . Thus, when confronted with negative stereotypes, people engage in motivated behavior that might serve self-protective functions. In line with this, research has shown that stereotype reactance might be adaptive: When older adults engaged in self-differentiation (i.e., the focus on a unique sense of self and distancing from an age-stereotypical view), they were able to maintain their self-esteem in the face of negative age stereotypes (Weiss, Sassenberg, & Freund, 2013) . Similarly, Ambady and colleagues (Ambady, Paik, Steele, Owen-Smith, & Mitchell, 2004) showed that the detrimental effects of negative gender stereotypes on women's math performance could be prevented, when asking targets to generate individuating information about themselves. Moreover, a study including African American college students showed that the detrimental performance effects of negative race-based stereotypes could be diminished when a view of intelligence as malleable rather than fixed was activated (Aronson, Fried, & Good, 2002) . Finally, research has also shown that the detrimental performance effects of negative stereotypes could be eliminated by reframing the threat as a challenge (Alter, Aronson, Darley, Rodriguez, & Ruble, 2010) .
These findings demonstrate that beliefs play a crucial role in predicting the effects of negative stereotypes because they influence how people interpret and respond to changes within and around them. Therefore, in the present research, I tested the idea that the detrimental effects of negative age stereotypes on older adults' cognitive performance are moderated by beliefs about the inevitability (vs modifiability) of aging. Specifically, the way that older adults respond to negative age stereotypes might strongly depend on their essentialist beliefs about aging (EBA). In light of EBA, changes that occur with aging are seen as fixed and inevitable rather than malleable and modifiable . Recent research shows that people with strong EBA perceive aging-related changes as threatening and are more affected by losses (Weiss, Job, Mathias, Grah, & Freund, 2016) . Negative age stereotypes might be particularly harmful for older adults who endorse EBA as they may be more likely to accept and assimilate those stereotypes. Thus, EBA may promote the detrimental effect of negative age stereotypes by construing aging-related loss as inevitable and thus undermining older adults' ability to counteract the impact of negative age stereotypes. In this situation, EBA may lead to stereotype assimilation effects entailing detrimental performance effects and a stronger physiological stress response. In contrast, older adults who reject EBA may be not affected by negative age stereotypes because they feel that aging-related changes are malleable and can be influenced. In this situation, older adults may be motivated to counteract negative age stereotypes leading to stereotype reactance effects entailing a better memory performance.
Experiment 1
In Experiment 1, I predicted that EBA should moderate the impact of negative age stereotypes on older adults' memory performance. To test this hypothesis, participants completed the EBA scale, were confronted with negative age stereotypes (vs neutral information), and subsequently completed a memory task. Specifically, in the experimental condition negative aspects of aging such as the aging-related declines in autonomy and cognitive functioning, the prevalence of dementia, and health problems were emphasized. In contrast, in the control condition aging-unrelated information about environmental issues was presented (e.g., climate change). Next, participants were asked to memorize and recall a word list under time pressure. Finally, covariates such as perceived control and attitudes toward older adults were included to confirm the unique role of EBA. A priori power analysis, assuming a medium effect size of f 2 = .15 for multiple regression (R 2 increase) with a power of .80, and alpha of .05, estimated a total sample size of N = 68 (Faul, Erdfelder, Lang, & Buchner, 2007) .
Method
Participants Seventy-nine older participants between 61 and 87 years of age (M = 71.81, SD = 5.44) including 48 women (60.8%) completed the experiment in the laboratory. Participants were recruited in the community via word of mouth, flyers, and advertisements and offered 20 Swiss franc (ca. US$20) for their participation. More than half of the participants were married or had a partner (62.1%), 12.7% were single, 13.9% were divorced, and 6.3% were widowed. Participants' level of education varied from primary education (3.8%), to secondary education (58.5%), to a university degree (21.4%).
Design, Procedure, and Measures
The experiment included two predictor variables: (a) EBA were assessed as an individual difference variable using a scale and (b) negative age stereotypes (vs neutral information) were activated experimentally. Participants were randomly assigned to the neutral (n = 39) or negative (n = 40) age stereotype condition and subsequently asked to complete a memory test. Finally, after participants completed a survey including perceived control and attitudes toward older adults, they were debriefed and compensated at the end of the study.
Essentialist beliefs about aging
The first predictor variable, EBA, was assessed with a 4-item scale (Cronbach's alpha = .65; Weiss & Grah, 2014) anchored from 0 (do not agree) to 6 (absolutely agree). The essentialist beliefs about aging scale (EBA-S) assesses beliefs about the nature of aging as relatively immutable and unchangeable (i.e., "To a large extent, a person's age biologically determines his or her abilities") versus relatively flexible and modifiable (i.e., "Age is just a number and doesn't say much about a person" and "No matter at what point in life, you can always influence your own aging" [reverse scored]).
Negative age stereotypes
After responding to background questions, negative age stereotypes were activated via a multiple-choice quiz that has been proven to successfully prime negative images of aging in previous studies (Weiss & Freund, 2012; Weiss, & Lang, 2012; Weiss et al., 2013) . Specifically, to activate negative age stereotypes, participants solved a quiz that contained either six questions of negative age-related information (e.g., "How many people above the age of 90 years suffer from dementia?"). The control condition consisted of a multiple-choice quiz including neutral information (e.g., "What proportion of global water resources is drinking water?").
Memory performance
The word list recall task consisted of 30 nouns and represents a commonly used task to measure free recall (e.g., Hess & Hinson, 2006; Hess et al., 2003; Hultsch, Hertzog, & Dixon, 1990) . Words were presented on a sheet of paper after the age stereotype manipulation. Participants studied the list for 2 minutes and were then given 3 minutes to write down as many words as they could remember. The mean score for number of correctly recalled words was M = 12.15 (SD = 3.32; range: 5-21).
Covariates
Perceived control (Lachman, & Weaver, 1998) was assessed with the personal mastery (e.g., "What happens to me in the future mostly depends on me.") and perceived constraints (e.g., "What happens in my life is often beyond my control." reverse coded) control subscales. The 12 items (0 = do not agree to 6 = absolutely agree) were averaged such that higher scores indicating more perceived control (Cronbach's alpha = .83). In addition, to assess participants' attitudes toward older adults, eight negative characteristics and their opposites were presented as semantic differentials (e.g., "sick/healthy," "helpless/capable," and "dependent/independent"; Weiss, 2009). The items were averaged to create a scale with higher values indicating a more favorable perception of older adults (Cronbach's alpha = .88).
Results Experiment 1
First, bivariate correlations showed significant negative associations between EBA with perceived control (r = −.39, p = .001) and positive attitudes toward older adults (r = −.23, p < .05). In addition, perceived control was positively associated with memory performance (r = .25, p < .05) and positive attitudes toward older adults (r = .25, p < .05).
Second, the proposed moderating role of EBA in the relationship of negative age stereotypes and memory performance was examined. Regression analyses yielded a significant main effect of EBA on memory performance (B = −1.22, SE = 0.34; p = .001). As predicted, an interaction effect of EBA and negative age stereotypes (vs neutral information) on memory performance appeared (B = −0.81, SE = 0.33; p = .02; confidence interval [CI]: −1.48 to −0.15; F(1, 74) = 5.94, ΔR 2 = .06). Figure 1 depicts this interaction effect. The interaction effect remained significant (B = −1.09, SE = 0.37; p = .005; CI: −1.84 to −0.34) after including chronological age, gender, education, relationship status, perceived control, and attitudes toward older adults as covariates (Supplementary Table 1 ).
Analyses using re-parameterized regression model and the estimated crossover point (C) of predicted values and its 95% CI confirmed the predicted disordinal interaction effect of age stereotype activation and essentialist beliefs on memory performance (Widaman et al., 2012) . Specifically, results demonstrate that the simple slopes cross within the range of values of essentialist beliefs about aging (C = 2.09; CI: 1.25 to 2.92). Simple slopes analyses confirmed that older adults in the negative age stereotypes condition showed an impaired memory performance when they endorsed (+1 SD) rather than rejected (−1 SD) EBA (B = −1.84, SE = 0.41, p < .001). Thus, the exposure to negative age stereotypes impaired only the performance of older adults who held strong EBA. In addition, there was a significant difference in memory performance between the negative age stereotype and the control condition for older adults with strong EBA (B = −1.13, SE = 0.53, p = .03). Specifically, for those older adults with strong EBA (i.e., 1 SD above the mean), negative age stereotypes (vs neutral information) impaired their memory performance. Finally, older adults with non-EBA (1 SD below the mean) showed a marginally significant better memory performance in the negative compared with the neutral condition (B = 1.05, SE = 0.54, p = .05).
Discussion Experiment 1
In summary, Experiment 1 provided evidence for the moderating role of EBA in the relationship of negative age stereotypes and memory performance. Thus, depending on older adults' perceptions of aging as inevitable versus modifiable, negative age stereotypes led to better or worse memory performance. Consistent with the stereotype assimilation hypothesis, when negative age stereotypes were activated, older adults with EBA showed a poorer memory performance as compared with older adults who rejected an essentialist view of aging. Moreover, in line with the stereotype reactance hypothesis, older adults who held non-EBA showed an elevated memory performance when confronted with negative age stereotypes. This suggests that individual differences in EBA predict when the activation of negative age stereotypes will lead to better or worse memory performance.
The findings also showed significant positive associations between EBA with perceived control and attitudes toward older adults. Older adults with strong EBA reported lower levels of perceived control and more negative age attitudes toward older adults. Thus, older adults with strong EBA believe that things are outside their control and hold a more negative perception of older people. However, despite this conceptual overlap, multiple regression analyses confirmed that EBA play a unique role in altering the effect of negative age stereotypes on memory performance. Hence, EBA operate independently from positive or negative attitudes toward older adults as well as beliefs in the capability of achieving desired goals.
Because the effect size in Experiment 1 was lower than predicted, the results are in need of replication. Thus, a second experiment was conducted to test whether the findings are robust. In addition, the goal was to extend the study beyond the memory performance measure by examining physiological reactivity as a function of negative age stereotypes and EBA to further illuminate the underlying processes.
Experiment 2
The first goal of Experiment 2 was to replicate the findings of Experiment 1. The second goal was to examine older adults' physiological reactivity in response to the activation of negative age stereotypes. Specifically, I predicted that the activation of negative age stereotypes increases cardiovascular reactivity among older adults with strong EBA. By contrast, I predicted that non-EBA about aging mitigate the effect of negative age stereotypes on older adults' physiological reactivity. To examine this process, participants' physiological reactivity was assessed by measuring older adults' systolic blood pressure (SBP) at baseline and throughout the experiment. This methodology was motivated by research demonstrating that SBP reactivity is a valid and reliable index to assess physiological reactivity to challenging tasks in older adults (Auman et al. 
Method Experiment 2
Participants Forty-one older participants between 65 and 92 years of age (M = 71.98, SD = 6.40) were recruited from the community through advertisements, flyers, and word of mouth. One participant (42 years) who did not fit in the age range was excluded from the analyses. Participants were invited to the laboratory and compensated with $10 for their participation. The majority of the sample was women (n = 33), non-Hispanic White (n = 34), and single (n = 17). In addition, 7 participants were widowed, 10 were divorced, and 7 were married or had a partner. Finally, participants' level of education varied from primary education (n = 7) to a university degree (n = 31).
Design and Measures
As in Experiment 1, participants first completed a questionnaire including the EBA-S and were randomly assigned to the neutral (n = 21) or negative (n = 20) age stereotype condition and were then asked to complete a memory test. During the experiment, we assessed participants' blood pressure reactivity. Participants were thanked, debriefed, and compensated at the end of the study.
Essentialist beliefs about aging
EBA were assessed with the same 4-item scale (Cronbach's alpha = .74; Weiss & Grah, 2014 ) that was used in Experiment 1 (anchored from 0 = do not agree to 6 = absolutely agree).
Negative age stereotypes
As in Experiment 1, negative age stereotypes (vs neutral information) were activated via the multiple-choice quiz.
Memory performance
The same word list recall task as in Experiment 1 was used consisting of 30 nouns that were presented on a sheet of paper after the age stereotype manipulation. The mean score for number of words correctly recalled was M = 12.39, SD = 4.02 (range: 4-21).
SBP reactivity
Recordings of SBP were obtained from the radial artery of the nondominant hand. We recorded SBP across five measurement points: an initial assessment at the beginning of the study (T 1 ), a baseline assessment before participants completed the background questionnaire (T 2 ), a third assessment after the quiz manipulation (T 3 ), a fourth assessment after the memory task (T 4 ), and a final assessment at the end of the study (T 5 ). SBP reactivity scores were calculated by subtracting the baseline response from the response during each block (i.e., after the quiz, after the memory task, and at the end of the study) with reactivity scores indicating greater SBP responsivity. This resulted in three SBP reactivity measures. Finally, the three SBP-R measures were averaged to form an overall SBP O -R measure.
Results Experiment 2
To test the first hypothesis, multiple regression analyses examined participants' memory performance as a function of EBA and activated negative age stereotypes (vs neutral information). No main effects of EBA or negative age stereotypes on memory performance appeared. As predicted, analyses showed an interaction effect of EBA and negative age stereotypes on older adults' memory performance (B = −1.70, SE = 0.61; p < .01; CI: −2.9 to −0.46), F(1, 37) = 7.73, ΔR 2 = .17. The interaction effect remained significant (B = −1.50, SE = 0.62; p = .02; CI: −2.76 to −0.23) when age, gender, education, relationship status, and race were included as covariates (Supplementary Table 2 ). Again, analyses using re-parameterized regression model (Widaman et al., 2012) confirmed the predicted disordinal interaction effect of age stereotype activation and essentialist beliefs on memory performance (C = 1.33; CI: 0.44 to 2.22).
As depicted in Figure 2A and consistent with the stereotype assimilation hypothesis, older adults who were confronted with negative age stereotypes showed impaired memory performance when they endorsed (+1 SD) rather than rejected (−1 SD) EBA (B = −2.17, SE = 0.82; p = .01). Moreover, the analyses revealed that older adults with strong EBA (+1 SD) showed an impaired memory performance in the negative age stereotype condition as compared with the control condition (B = −1.89, SE = 0.84; p = .03). Finally, in line with the stereotype reactance hypothesis, older adults who held non-EBA (−1 SD) showed a Figure 2 . Essentialist beliefs about aging moderate the impact of negative age stereotypes on (A) memory performance and (B) overall systolic blood pressure reactivity, Experiment 2. marginally significant better memory performance when confronted with negative age stereotypes as compared with the control condition (B = 1.44, SE = 0.84; p = .09).
Next, I tested the moderating role of EBA in the relationship of negative age stereotypes and SBP-R. I included age, gender, education, body mass index, number of alcoholic drinks per week, and cardiovascular medication as covariates in the regression analyses. First, a repeated analysis of covariance did not show any significant time-varying main or interaction effects of age stereotype condition and essentialist beliefs on the SBP-R scores. However, an overall significant interaction effect of Age stereotype condition × EBA appeared, F(1, 38) = 6.81, p = .01. This may indicate that the induced arousal did not dissipate over time as a function of negative age stereotypes and EBA.
Therefore, in order to test the hypothesis, a multiple regression analysis was performed on an overall measure of SBP O -R (Supplementary Table 3) . The results showed a significant interaction effect of EBA and the activation of negative age stereotypes (vs neutral information) (B = 6.03, SE = 2.01; p = .005; CI: 1.91 to 10.15), F(1, 27) = 9.00, ΔR 2 = .19. Simple slope analyses ( Figure 2B ) revealed that older adults who endorsed (+1 SD) rather than rejected (−1 SD) EBA showed higher SBP O -R when negative age stereotypes were activated (B = 7.17, SE = 2.94; p = .02). In addition, older adults with strong EBA (+1 SD) exhibited an increased SBP-R when they were confronted with negative age stereotypes as compared with the control condition (B = 8.45, SE = 2.85; p = .006).
Discussion Experiment 2
Taken together, the findings from Experiment 2 provide further support for moderating role of EBA in the relationship between negative age stereotypes and older adults' responses to those stereotypes. Specifically, findings suggest that older adults who endorse rather than reject EBA not only showed worse memory performance, they also exhibited stronger cardiovascular reactivity when confronted with negative age stereotypes. Thus, the findings confirm the hypotheses and consistently replicated findings of Experiment 1.
Social-evaluative threat predicts elevated blood pressure (Smith, Birmingham, & Uchino, 2012) , and studies show that physiological arousal can negatively affect task performance (Ben-Zeev, Fein, & Inzlicht, 2005) . However, there is also considerable evidence that SBP-R reflects cognitive (task) engagement and effort. Specifically, SBP-R has been identified as a measure of beta-adrenergic sympathetic activity and may indicate individuals' perceived capability and motivation to solve a task (Hess & Ennis, 2014; Gendolla & Richter, 2005) . Thus, when confronted with negative and threatening information about old age, increased SBP-R may indicate that older adults mobilize a higher effort to compensate against detrimental performance effects. However, as SBP-R was assessed before and after and not during the memory task in the current study, the findings reflect arousal rather than task engagement.
The analyses did not reveal time-varying effects across the three different reactivity scores after the quiz, after the memory task, and at the end of the study. Moreover, exploratory analyses did not provide any empirical evidence that SBP-R automatically lead to a better or worse performance or a mediating effect of SBP-R on performance. This might be possibly due to the relative small sample size of Experiment 2. Thus, future studies need to investigate in more detail the relationship of SBP-R to negative age stereotypes and memory performance as well as individual trajectories of arousal across time.
General Discussion
Although aging comes with seemingly inevitable changes, people vary in how much they believe that the process of aging is, in principle, fixed and inevitable versus malleable and modifiable. The current research demonstrates that EBA play an important role in how older adults respond to negative age stereotypes and how these stereotypes impact their cognitive performance and physiological reactivity.
Consistent with predictions, two experiments demonstrated that older adults who were confronted with negative age stereotypes (vs neutral information) showed greater impairment of their memory performance when they endorsed rather than rejected EBA. Furthermore, Experiment 2 also showed that older adults with strong EBA exhibited greater stress reactivity (as indexed by increases in SBP from baseline) when negative age stereotypes were activated.
Collectively, the two experiments confirmed the age stereotype assimilation hypothesis proposing that only the memory performance of older adults with EBA would be impaired by the activation of negative age stereotypes. Findings also confirmed the stereotype reactance hypothesis, predicting that older adults with non-EBA would show improved memory performance in the face of negative age stereotypes. These results add to the body of results from previous studies showing that older adults differ in their susceptibility to the detrimental effects of negative age stereotypes (Hess et al., 2004; Kang & Chasteen, 2009; O'Brien & Hummert, 2006) . Hess and colleagues (2004) explained the absence of negative age stereotype effects by older adults' self-regulatory ability to counteract their impact. Thus, although there is strong evidence that people try to mitigate and counteract the impact of negative stereotypes (Kray et al., 2001; Hess & Hinson, 2006; Weiss & Freund, 2012; Weiss et al., 2013) , the current research provides first evidence that this ability can be linked to individual differences in EBA. Specifically, individual differences in EBA accounted for how older adults responded to negative age stereotypes. Older adults who believe that aging-related changes are solely biologically determined and therefore inevitable ("set in stone") showed poorer memory performance and stronger physiological reactivity when confronted with negative age stereotypes. In contrast, older adults with non-EBA who believe that age is "just a number" and that aging-related changes are malleable did not suffer from such negative stereotype effects but instead showed better memory performance. This is in line with the idea that in order to show stereotype reactance, people need to perceive that things can be changed (Brehm, 1966) . The findings may also indicate that older adults with strong EBA showed performance impairments when negative age stereotypes were activated because they felt threatened due to the perception of the inevitability of aging-related losses. In contrast, older adults with non-EBA may have felt challenged in this situation because they perceived that negative aging-related changes could be mitigated (Alter et al., 2010; Aronson et al., 2002) .
Exaggerated stress reactivity is a risk factor for the development of a variety of diseases especially in later adulthood (Steptoe & Kivimäki, 2012) . For example, heightened blood pressure has been shown to predict the development of cardiovascular disease. Research shows that as people grow older, they are more likely to experience stress when confronted with cognitive challenges (Gruenewald & Seeman, 2010; Uchino et al., 2010) . Memory deficits have been linked to stress-related physiological responses (Lupien, McEwen, Gunnar, & Heim, 2009 ). Negative age stereotypes are one important psychosocial factor that causes exaggerated and maladaptive cardiovascular stress responses in later adulthood (Levy et al., 2000) . However, the current findings demonstrate that depending on their (non)EBA, some older adults were resilient, whereas others were susceptible to the impact of negative age stereotypes.
Changing EBA is a subsequent step that may empower older adults in dealing with negative age stereotypes. Thus, the practical implications of these findings are far reaching. For example, older adults who learn that aging-related changes are not inevitable and can be changed might be able to counteract the detrimental and self-fulfilling consequences of negative age stereotypes. These insights can guide interventions and health programs to improve older adults' health and their adaptive capacity in dealing with aging-related threats and adversities in daily life.
The present experiments are not without limitations. The negative age stereotype manipulation, for example, may have conflated threat with other variables, such as perceived changeability. However, analyses confirmed the unique role of EBA when perceived control and attitudes toward aging were included as covariates. In addition, we only assessed (rather than manipulated) EBA as an individual difference variable. Clearly, future research needs to experimentally activate EBA to demonstrate its causal role on memory performance. Research has shown that activating older adults' entity theories about memory affects their cognitive performance (Plaks & Chasteen, 2013) and that aging is associated with the perception that memory skills are declining and that one's ability to control one's memory diminishes (Hertzog, McGuire, & Lineweaver, 1998; Lachman, 1991) . However, contrary to previous research on aging-related beliefs and memory performance, we did not find a negative correlation between EBA and memory performance in the neutral conditions of the two experiments. Finally, the relatively small sample size of Experiment 2 represents a limit to the statistical analyses and generalizability of the findings. For example, this restricted the potential analyses examining the mediating role of SBP-R. Therefore, future studies need to draw larger and more heterogeneous samples of older adults to study the role of EBA in physiological stress responses of older adults.
In conclusion, the results provide support for the moderating role of EBA in the relationship of negative age stereotypes and cognitive performance as well as physiological reactivity. Two experiments identified older adults' (non) EBA as a protective/risk factor. According to the results, older adults who perceive aging as immutable and inevitable rather than modifiable and malleable are most susceptible to the detrimental consequences of negative age stereotypes.
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